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1577 ABSTRACT

A battery embodying this invention comprises an anode
including an anode-active material formed of one metal
selected from the Group la metals or preferably lithium
metal, a cathode including a cathode-active material
formed of organic compounds having a 7-electron con-
jugated system, and an electrolyte prepared from a
material which is chemically stable to the cathode and
anode materials and permits the migration of the ion of
the anode metal to the cathode for electrochemical
reaction with the cathode-active material.

15 Claims, 2 Drawing Figures
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1
LIGHT WEIGHT BATTERY
- This invention relates to a batterres, and more partic-
| ularly to a battery whose anode contains as the anode-

_active material a metal selected from the metals of
- Group Ia, whose cathode contains as the cathode-active

~ system, and whose electrolyte is formed of a material

which does not chemically react with the cathode and.
-anode materials, and permits the migration of ions from

the anode material to the cathode for electrochemrcal,

U reactlons with the cathode-active material.

" Hitherto known are numerous types of hlgh energy

“active material. A lithium battery is already commer-

cially. available in which a cathode-active material is

formed of, for example, ﬂuorocarbon, AgirCrOq, MnO,

o ~or SOClL:. However, the prior art lithium batteries have

~ the drawback that their capacity and energy density are
~not always quite satisfactory, and that these batteries are

| ':not capable of being recharged. - - S
.~ Among the secondary batteries using lithium as an
- anode-active material, a chalcogenide battery (refer to

5

- material a compound selected from the group consisting
- of organic compounds having a m-electron conjugated

10

| 15
- -'densuy battery, in which lithium is used as an anode-

2
as nitrobenzotriazole as a cathode active material and a
process (the U.S. Pat. No. 2,836,645) of applying 2-
hydroxy-1,4-naphthoquinone or phenanthrene quinone
as a cathode-active material. This invention has been
proposed by way of eliminating the drawbacks of said
batteries. |

The primary object of this invention is to provide
primary and secondary batteries, whose cathode-active
material is composed of an organic compound haymg a
w-electron conjugated system.

Another object of the invention is to provide com-
pact, light weight primary batteries hawng large energy
density. .

- Still another ob_]ect of the 1nventron i1s to provide
secondary batteries which are capable of being dis-

- charged and charged over many cycles.

The invention is characterized in that with batteries
which comprise an anode containing as the anode-

- active material a metal selected from the Group Ia met-

20

als, a cathode, and an electrolyte which does not chemi-

- cally react with the anode and cathode materials, and

- permits the migration of the ions from the anode mate-
-rial to the cathode for an electrochemical reaction with

- the cathode-active material, the cathode material con-

25

the U.S. Pat. No. 4,009,052) has the most excellent

- property in which a cathode-active material is formed

S _'of the sulfides, selenides or tellurides of titanium, zirco-
. nium, hafnium, niobium, tantalum or vanadium. Among

s - the lithium batteries, the type in which titanium disul-
fide TiS3 is used as a cathode-active material was once

" on the market. Attempts.proposed to date which. com-

. prise applying an organic compound as a cathode-active

.. material include a process (refer to the speclﬁcatlon of

. the U.S. Pat. No. 3,532,546) of using liquid ammonia as

. an electrolyte, and applying, for example, 2, 4-dini-

AR troaniline as a_ _cathode-active material; and a process

c.o oo (refer to the Derwent. Japanese Patents Report vol. T

00 4(1972), No. 72436T) of using liquid ammonia as an elec-

... trolyte, and nitroaniline as'a cathode-active material.

.. = These processes relate to a low temperature-operated

S -battery, because llql.lld ammonia has a boiling point of

O, .- .=33% C. Nothing is known about the property of a

", battery based on the application of an electrolyte other

o e "_-:_than liquid ammonia. Further proposed are the follow—
R mg batteries:

30
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‘tains as the cathode-active material a compound se-
lected from the group consisting of organic compounds
having a m-electron conjugated system. |

- This invention can be more fully understood from the

followtng detailed descrrptlon when taken in conjunc-
tion with the accompanying drawmgs, in which:

- FIG. 1 1s a vertical sectional view of a battery em-
bodying this invention; and

FIG. 2 1s a curve diagram showing the relationship
between the discharge time and the battery voltage of

this invention.

There will now be described the cathode, anode and

‘electrolyte of a battery according to a preferred- em-

- bodiment of this invention.

0

(a) U.S. Pat No Re 27 835 in whrch a non-aqueous

. ’-'solyent type- battery is formed by dissolving SO, in
-~ elecrolyte to use a cathode-active material such as-
e o N N,N' N'-tetramethyl benzidine which is soluble in a

' non-aqueous solvent type electrolyte.

The cathode is prepared from_ a compound selected

from a group of organic compounds having a 7-elec-
- tron conjugated system. To describe in greater detail,
~ the cathode should preferably be formed of a compound
- selected from the following three groups of organic
-compounds:

(1) Organic compounds having at least one —NO;
group and w-electron conjugated system preferably

include

- 2,4, 7-tr1n1tro 9-fluorenone (TNF)

50

~(b) A lithium battery (U.S. Pat. No'. 3,185 590) in

K '-_"I_whlch a cathode-active material is forrned of a polymer |
Lo of quinones, for example para-quinone;

S ey A lrthmm battery (Chemlcal Abstract- 1 270 135 S
K 1976 ‘Vol. 85) in which a cathode-actlve material 1is

o o _.f'ifformed of 2,3-dichloro-5,6-dicyano-1, 4-benzoquinone;

33

(d) A battery (Chenncal Abstract 127,012 r, 1976, '

- _- S . __ A Vol 85) in which a cathode-actwe materlal IS formed of
S blpyndlne and -

(e) A battery (U S. Pat No 3 352 720) in whleh a

SR 'f_oathode-actlve material formed of a complex compound
- of ahalogen such as bromine with the nitrogen atoms of
l.a polymeric amine such as polyvmyl pyridine.

“Patents relative to a battery in which Mg or a Mg

‘applied as an electrolyte include a process (the U.S. Pat.

o " No. 2,880,122) of using organic nitro compounds such

- 60

2,4,5,7-tetranitro-9-fluorenone (TENF)
N-methyl-N,2,4,6-tetranitroaniline (also referred to as
 niframine or tetryl) |

- o-nitrobenzonitrile

m-nitrobenzonitrile
p-nitrobenzonitrile

p-nitrobenzophenone
‘nitrobenzotriazole

p-nitrobenzoyl chloride
m-nitrobenzoyl chloride

v-(p-nitrobenzyl) pyridine

(2) Organic metal complex compounds having a -

electron conjugated system preferably include:

65

o alloy is used as an anode and an aqueous solution is

ferric benzoyl acetonate [also referred to as tris(1-phe-
“nyl-1,3-butanediono) iron] |

bis(8-oxyquinoline) copper (II)

tris(2-oxy-1,4-naphthoquinone) cobalt (II1)



3
bis(2-oxy-1,4-naphthoquinone) cobalt (II)

bis(2-oxy-1,4-naphthoquinone) iron (II)
bis(salicyl aldiminate) copper (II)
tris(salicyl aldiminate) iron (III)
copper (1I) complex of cupferron | 5
beryllium acetyl acetonate
iron (III) acetyl acetonate
cobalt (III) acetyl acetonate
cobalt (II) acetyl acetonate
iron (II) naphthoquinate 10

(3) Organic compounds having a m-electron conju-
gated system and the ability of forming a complex com-
pound with a metal preferably include

| | 15

9,10-phenanthrene quinone
1,10-phenanthroline
fluorenone |
a-naphthoquinoline
B-naphthoquinoline
2-hydroxy-1,4-naphthoquinone
cupferron

20

The cathode of the battery of this invention is formed
by any of the following processes:

(a) pressing a powder of any of the above-listed cath-
ode-active materials or a mixture of said powder and a
powder of polytetrafluoroethylene binder in the form of
a film on a support of, for example, nlckel or stainless
steel;

(b) mixing a powder of the cathode-active material
with an inert electrically conductive powder of, for
example, acetylene black, graphite, carbon, or nickel to
render to mixed mass electrically conductive, further

putting said mixture in a metal vessel with or without a 35
powder of binder such as polytetrafluoroethylene and

compressing the mixed mass; and

(c) mixing the mixture of a powder of the cathode-
active material and inert electrically conductive pow-
der in a solution or an emulsion of a binder and spread-
ing the resultant mixture on a support of, for example,
nickel or stainless steel in the form of a film, followed by
drying.

One example of this invention is to mix preferably
200% by weight or less of acetylene black based on the
above described cathode-active material and the said
cathode-active material with an electrolyte and use the
resultant pasty mass as cathode of the battery of the
invention. Another example is to mix the cathode-active
material with preferably about 10% by weight of a
powder of polytetrafluoroethylene binder and prefera-
bly 200% by weigh or less of acetylene black based on
the cathode-active material and press the mixture into a
pellet at room temperature for use as the cathode of sald
battery.

With reference to the characteristics of a primary
battery, the cathode-active material is demanded to
have a high discharge energy density. From this stand-
point, the following compounds which have a high
discharge energy density are particularly preferred as
cathode-active materials:

25

30

40

45

50
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2,4, 7-trinitro-9-fluorenone

2,4,5,7-tetranitro-9-fluorenone
N-methyl-N,2,4,6- tetranltreanlhne

m-nitrobenzonitrile

ferric benzoyl acetonate

65
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The compounds listed below are also preferred for the
above-mentioned requirement:

p-nitrobenzonitrile
p-nitrobenzophenone
p-nitrobenzoyl chloride
nitrobenzotriazole
v-(p-nitrobenzyl) pyridine

9,10-phenanthrene quinone
bis(8-oxyquinoline) copper (II)

bis(salicyl aldiminate) copper (II)

With regard to the charge-discharge characteristics
of a cathode-active material used as a secondary bat-
tery, the followmg eompounds are particularly pre-
ferred. |

ferric benzoyl acetonate
2,4,7-trinitro-9-fluorenone
9,10-phenanthrene quinone
N-methyl-N,2,4,6-tetranitroaniline
p-nitrobenzoyl chloride

There will now be described the anode of a battery
embodying this invention. The anode-active material of
the battery 1s formed of a metal selected from Group Ia
metals, mixtures of said metals themselves or mixtures

thereof with any other material. The anode-active mate-
rial should preferably be formed of lithium. These
anode-active materials are used as the anode 1n the form
of a sheet or a sheet pressed on a metal net.

There will now be described the eleetrolyte of the
battery of this invention.

The electrolyte should be a material which is chemi-
cally stable to the cathode and anode materials, and
permits the migration of the ions of an anode metal to

the cathode for electrochemical reaction with the cath-
ode-active matertal. The electrolyte of the battery of
the invention may be used in the form dissolved in a
suitable solvent, or in solid or molten form. The 1on-
conducting species of the electrolyte is desired to be the
ion of an anode metal.

Particularly effective electrolytes are preferably Li-
ClQy4, LiBF4, LiPF¢, LiAsFg, KClO4, NaClO4, sodium
B-alumina and LiCL. Where the electrolyte is used in
the form dissolved in a solvent, then said solvent should
preferably be ketones, ethers, esters, organic lactones,
organic nitriles, organic carbonates, nitrohydrocarbons
and mixtures thereof. The solvent may be formed of, for
example, propylene carbonate or a mixture of 50% of
propylene carbonate and 50% of 1,2-dimethoxy ethane.

A battery manufactured as described above has a
large discharge capacity per unit weight of a cathode-
active material, providing a light weight battery. The
undermentioned example in which 2,4,7-trinitro-9-
fluorenone is applied as a cathode-active material pro-
vides a battery having a discharge capacity about 6, 2
and 8 times larger than MnQO3, fluoro carbon [(CF);]
and TiS; respectively used as a cathode-active material
in the conventional battery.

This invention will be more fully understood by ref-
erence to the examples which follow.

In Examples 1 to 16, an organic compound having at

least one —NO; group and m-electron conjugated sys-

tem is used as a cathode-active material. In Examples 17
to 24 and 30, an organic metal complex compound hav-
ing a w-electron conjugated system is used as a cathode-
active material. In Examples 25 to 30, a compound
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selected from a group of organic compounds which
have a 7-electron conjugated system and the ability of
forming a complex compound with a metal i1s used as a
cathode-active material. All the examples indicate the

prominent characterlsttc of a Li battery embodyln g thls |

invention.

o Cathode-active materials applled in the above-men-
- tioned examples and materials used in synthesizing said

cathode-active materials were procured from Tokyo

Kasei Co., except for ferric benzoyl acetonate and
- 2,4,5, 7-tetranitro- 9-fluorenone imported from Aldrich

Inc. of the United States. Throughout the examples, the
- discharge capacity and energy density were determined

© per unit weight cf a cathede-actwe materlal unless__ -
| I 15

.parttcularly ncted

| FIG 1 1S a vertlcal sectlenal vrew cf a battery em- .
S ,bcdylng this invention. Reference numeral 1 denotes a

nickel-plated brass vessel provided with a circular re-
~ cess having a diameter of 25 mm. 2 is a circular lithium
" anode plate having a diameter of 20 mm, 3 a circular .-
g “pcrmis polypropylene separator having a diameter of 25

mm; 4 a circular carbon fiber felt having a diameter of -

- 25mmanda thickness of 3 mm; 5 a cathode mixture; 6

a polytetraﬂucreethylene vessel and 7 a nickel lead

wire. The cathode mixture 5 placed in the circular re-
" cess of the brass vessel 1. The circular carbon fiber felt
- 4tobe unpregnated w1th electrolyte is mounted on'said
.~ cathode mixture 5. The mass was compressed with one
-+ of the polytetraﬂuorcethylene vessel 6. The lithium -

6

ing variatton-in the voltage of said battery during the
.above-mentioned discharge.

EXAMPLE 2

A_-cathede mixture 5 was prepared by mixing the

same type of electrolyte as described above with 0.05 g

of a powder of 2,4,7-trinitro-9-fluorenone and 0.05 g of
a powder of acetylene black in order to manufacture a

‘battery shown in FIG. 1.
10

With a battery manufactured as described above, a
constant current discharge was carried out with a dis-
charge current set at different levels as 0.5 mA, 1.57

" mA, 3.14 mA, 4.71 mA and 7.80 mA, the results being

set forth in Table 1 below. The discharge capacity and

energy density given in Table 1 represent values indi-
- cated until the battery voltage falls to 1 volt. Since the
- -discharge capacity and energy densny reach maximum
values at the 1.57 mA discharge, it is preferred to carry

 ‘out discharge with a discharge current set at 0.5 to 3.14

20

25.- -

30

~ anode 2 was set on the compressed mass with the po--

- with the electrolyte thus prepared. The cathode mixture

- = -5 was prepared by mixing 0.05 g of a powder of 2,4,7-
R .-tnn1tr0-9 ﬂuorencne and 0 05 g cf a pcwder of acety-_:_

" . rous polypropylene separator 3 interposed ' therebe-

" .tween. The electrolyte used was formed of a 1 mole/1 -
T ,.-.?-'solutlcn (2 to-5 cc) of LiClO4 dissolved in propylene
. -carbonate which was distilled and later dehydrated by
' .adding molecular sieves. The - porous polypropylene
.. separator 3 and carbon fiber felt 4 were impregnated =

35

‘mA, in case 2,4,7-trinttro-9-fluorenone 1s used as a cath-
- ode-active material. |

TABLE 1

Discharge current ) Discharge capacity " Energy density
(mA) | (Ah/kg) (Wh/kg)
0.5 961 2,005
1.57 1,835 2,940
314 880 - 1,300
471 750 1,350
7.80 - 260 490
EXAMPLE 3

A cathode mixture 5 was prepared by mixing the

same type of electrolyte as described above with a pow-
' der of 2,4,7-trinitro-9-fluorenone and a powder of acet-
ylene black blended together in the proportions given in
.- Table 2 below in order to manufacture a battery shown
.. in FIG. 1. Table 2 below indicates the discharge capac-

ity and energy density of the 2,4,7-trinitro-9-fluorenone

-which were measured until said battery was discharged
~_at the rate of 1 mA down to 1 volt.

~ TABLE 2

: Acetylene -_

~Energy density
- of an active
material indicated

. Discharge capacity
of an active -
" material indicated

- Energy density
of a cathode
mixture indicated

e 0 2,4, 7-trinitro- ty until the voltage until the voltage = until the voltage
| ~ 9-fluorenone = black fell to 1 volt - fell to 1 volt . fell to 1 volt
L Ag) ~ (8) {(Ah/kg) (Wh/kg) (Wh/kg)

BEREEN ) N 5 0.10 550 1,100 550
| - 0.05 - 0.10 750 1,537 512
- 0.03 '. '0.10 850 1,785 412

o7 lene, b]ack w1th sald electrolyte A lrthmm sheet was |
- * - used as the anode 2 with the porous polypropylene
. separator 3 dtspcsed between satd ancde 2 and the car-

| [’-bcn fiber felt 4. e -- o
" A battery thus constructed was dlscharged at a con-

55

" stant current by means of a galvanostat. The discharge -

“voltage of the battery was measured by a high input

-' ) f.lmpedance type voltmeter. The output from the vcltme—
_‘ter was recorded on a pen recorder.

The battery constructed as described above contin-
ued to be discharged 59 hours at a current of 1.57 mA
“until the voltage dropped to 1 volt. In this case, the
- ‘cathode-active ‘material has a discharge capacity of
1,835 ampere-hcur (Ah)/kg The average voltage was

' - 1.60 volts. The energy density was. 2,940 watt-hour-

.(Wh)/kg. The 0pen circuit voltage of the battery was
-3.15 volts. FIG. 2 is a discharge curve diagram, show-

‘The active mater1a1 given in Table 2 above denotes
2.4, 7-trinitro-9-fluorenone. The cathode mixture is

- formed of 2,4,7-trinitro-9-fluorenone blended with acet-
ylene black. From the energy density per unit amount

. of the cathode mixture, it is preferred that the 2,4,7-

65

trinitro-9-fluorenone be added at the rate of 0.05 g or

more per 0.1 g of acetylene black, namely, 200% by
weight or less of the acetylene black based on the 2,4,7-
trinitro-9-fluorenone be added to the 2,4,7-trinitro-9-
fluorenone.

EXAMPLE 4

A battery shown in FIG. 1 was manufactured in
substantially the same manner as in Example 1, except
that 0.015 g of 2,4,7-trinitro-9-fluorenone and 0.025 g of



7

‘acetylene black were blended with the following elec-

- trolyte to provide a cathode mixture. The electrolyte

used was formed of a 1 mole/1 solution of LiClO4 dis-

solved in a mixture consisting of 1,2-dimethoxy ethane

‘and propylene carbonate mixed in the volumetric ratio
| cf 1:1 which was distilled and later dehydrated.
" With the battery thus manufactured, constant current

B '. discharge was carried out at 1 mA for 4 hours. Later,

~ constant current charge was carried out at 1 mA for 4
hours each time, indicating a charge discharge capacity

4,343,871

8

With the battery thus manufactured, constant current
discharge was carried out at 1 mA for 4 hours. Later,
constant current charge was carried out at 1 mA for 4
hours, indicating a charge discharge capacity of 100
Ah/kg. This cycle of discharge and charge was re-
peated. After the first 4-hour discharge, the battery
voltage stood at 2.60 volts. After the fifth 4-hour dis-

- charge, the battery voltage indicated 2.40 volts. After

10

of 267 Ah/kg. After the first 4-hour discharge, the volt- -

- .. -age of the battery stood at 2.1 volts. After the: fifth
~ 4-hour discharge, the voltage indicated 1.4 volts. After
the tenth 4-hour discharge, the voltage showed 1 volt.
- After the twentieth 4-hour dlscharge, the voltage also

. . indicated 1 volt. This event proves that a system allow-

-ing for stable charge and discharge was produced in the
‘-.battery durmg the 10th and subsequent dtscharge tests

EXAMPLES 5 TO 14

amounts indicated therein were blended with the same

type of electrolyte as used in Example 1 tc provlde a

cathode mixture. .

 With the battery thus manufactured constant current .
‘discharge was carried out at 1 mA, until the battery -

voltage dropped to 1 volt (Examples 5 to 8), and also

15

the tenth 4-hour dlscharge, the battery vcltage showed
2 24 vclts | |

EXAMPLE 16

A battery shcwn in FIG. 1 was manufactured in
substantially the same manner as in Example 1, except |
that 0.025 g of p-nitrobenzoyl chloride and 0.04 g of
acetylene black were blended with the same type of

- electrolyte as used in Example 1 to provide a cathode
 mixture. With the battery thus manufactured, constant

A battery 111ustrated in. FIG 1 was manufactured in
' substantially the same manner as in Example 1; except
- that cathode-active materials having kinds and amounts
“shown in Table 3 below and acetylene black having . -

25

~until the battery voltage fell to 2 volts (Examples 9 to "

14). Table 3 below shows the discharge capacity and

- ‘energy density which were indicated until the battery
voltage was reduced to 1 volt (Exanmles 3 to 8) and also'

-~ current discharge was carried out at 1 mA for 5 hours,
indicating a discharge capacity of 200 Ah/kg. Later,
constant current charge was carried out at 1' mA for 5
“hours, indicating a charge capacity of 200 Ah/kg. This
. cycle of discharge and charge was repeated. At the first -

cycle test, a discharge capacity until 1 volt stood at 192
Ah/kg. At the seventh cycle test, a discharge capacity

until 1 volt indicated 180 Ah/kg. At the tenth cycle test, -
- adischarge capacity until 1 volt showed 180 Ah/kg At
- the fourteenth cycle test, a dlscharge capaclty until 1

volt mdlcated 160 Ah/kg. L
30 |

- EXAMPLES 17 TO 20 o
A battery shown in FIG. 1 was manufactured in

substantially the same manner as in Example 1, except

. that cathode-active materials having kinds and amounts

. to2 VOltS (EX&IHPIES 9 to 14) .35 glven in Table 4 belcw and acetylene black havmg
- - TABLE3 - En -
o '__'_;_Qa_'ghcde—acuve materlal- ' IAce_tylene o Dlscha.rge :_Ena__rgy' |
- Exam- o - Amount - Black OCV* . capacity ©  density
_ple . Compound ~ .- . '(E) | Amount-(g) (V) . (AWkg) . (Whikg) - - =
5" 2,4,5,7-tetranitro- 003 01335 958 o113
~ . 9-fluorenone S e
6  N-methyl-N,2,4,6- =~ "01 0 - 0304 0 7930 0 - 1,994
.. tetranitroaniline . . = .. S I LR
~~.T-  p-nitrobenzoyl chlcride R 0.05-,.; - 005 0 --333 - -850 - - L2900
-8 . m-nitrobenzoyl chloride - 005 .- . 005 ~ 3.10 -~ 400 - 890
- 9 . o-nitrobenzonitrile . 005 005 240 - 240 - .. 536
10 - m-nitrobenzonitrile 005 . 005 310 740 - - 1610 -
.11 - p-nitrobenzonmitrile- . 005 . . 005 - 305 - 500 - L116 - ..
12 p-nitrobenzophenone - - 0.05-  0.05 - 3.05 - 430 . . 967 |
13 y-(p-nitrobenzyl) - -.005 . - 005 315 - - 400 :1,093 .
-~ pyridine T S T |
14  S-nitrobenzotriazole . 005 005 305 . 450 - 895 - .
~ *Open circuit voltage. ” o " e T e -
EXAMPLE 15 e amcunts shown therem were blended w1th the same
N 55 type of electrolyte as used in Example 1 to provide a =~

A battery shcwn in FIG. 1 was manufactured m

substantially the same manner as in Example 1, except

that 0.04 g of ,N-methyl-N,Z;#l_,6—tetranitroaniline-- and
0.05 g of acetylene black were mixed with the same type

cathode mixture. The open circuit vcltage of the bat-

~ tery is also set forth-in Table 4

‘With the battery thus manufactured constant current

© discharge was carried .out at 1 mA, until the battery
- of electrolyte as used in Example 1to prcvrde a cathcde 60. voltage dropped to 1 volt. Table 4 also indicates the

mrxture | discharge capacity and energy density mdlcated unt11 |
the battery vcltage fell to 1 volt. . :
 TABLE 4 |
| Cathode-active material Acetylene Discharge  Energy
Exam- - | Amount ~  Black OCV()  capacity - density
‘ple  Compound (g Amount{(g) (V)  (Ah/kg) = (Wh/kg)
- 17-  ferric benzoy!l

o acetcnate.

~005 005 315 910 - 1,367
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9 10
| TABLE 4-continued
| Cathode-active material - Acetylene - - Discharge  Energy.

- Exam- o . Amount . Black ocv{) ~ capacity - density . -
ple Compound (g) Amount(g) (V)  (Ah/kg) . (Wh/kg)
18 bis(8-oxy- - .005 01 312 1,000 . - 1,631

-~ quinoline) . o
. ... copper (II)(Z) e L
19 tris2-oxy-1,4 . 005 U005 0 3.08 610 966
| _-naphthoqulnone) - S o
. cobalt (IING) . KR SR L
- 20 bis(salicyl’ a 0.05 o0 005 2,90 650 1,540
- - aldiminate) o L ._
_copper (II)(‘) -'

. Note:

. B '(l)Open circuit voltagc T L, -~ |
.. @Obtained by adding coppcr acetate to-an alcohol solutton of 3 hydroxyqumolme. heating the mass for

© toan alcohol soluuon of sahcyl aldchydc, and thereafter hcatmg the mass. -

- the discharge capacity ‘and energy ‘density indicate

EXAMPLE 21
0. 05 g of fernc benzoyl acetonate powder and 0.05¢g

“of acetylene black were blended with the same type of
_electrolyte as used .in Example 1 to provide a cathode.

23
' mixture, thereby manufacturing a battery shown in
- - ... FIG. 1. With the battery thus manufactured, constant -
. “current. discharge ‘was carried out, with a discharge
© . current sétat 1 mA, 1.57mA, 3.14 mA and 4.71 mA, the
SO _; results of the tests belng set forth in Table 5 below 30
e e “TALBE 5 v S
o . Dtscharge current | Dtscharge capactty | Energy denstty
S _(mA) (Ah/kg) (Wh/ks)
1 — _i;:-:_ 910 EET RS
157 L 5T0 760 35
314 150 2100
260

471 | 180

The dlscharge capaclty and energy densny mdlcated

battery voltage dropped to 1 volt. As seen from Table 5,

© " larger values at smaller dlscharge currents. Where,
. therefore, ferric benzoyl acetonate is applled as a cath- -

. ode-active material, it is preferred to carry out dis- -45
: ;charge at a smaller discharge. current than 1. 57 mA.

EXAMPLE 22

o A battery shown. in FIG. 1 was manufactured in
. -substantially the same manner as in Example 1; except 50
~ that 0.03 g of ferric benzoyl acetonate and 0.03 g of
. acetylene black were blended with the same type of
. electrolyte as used in Example 1 to provide a cathode
" .. mixture. With the battery thus manufactured, constant - -

o -current discharge was carried out at 1 mA for 1.5 hours, 55
. indicating a discharge capacity of 50 Ah/kg. Later,

- constant current charge at 1 mA for 1.5 hours was car-
ried out, indicating a charge capacity of 50 Ah/kg. The
_ above-mentioned cycle of dlscharge and charge was
.repeated 120 times. - 60

Since the dlscharge capactty of a cathode-actwe ma-

tenal indicated until the battery voltage dropped to 1

volt stood at 910 Ah/kg, the above-mentioned cycle of

. charge and discharge correspond to a 5.5% capacity.
At the first discharge test, a minimum discharge voltage 65
- indicated 1:51 volts. At the fiftieth discharge test, a
‘minimum discharge voltage showed 1.86 volts. At the

- ninetieth discharge test, a minimum discharge voltage

~ sometimes on a water bath, separatmg 8 precipitate produced in the alcohol soluuon by a ﬁltratlon and
-recrystallmng the precipitate by using a hot alcohol. - .

AR ()Synthesized as in Example 18 from 2-hydroxy-1 4-naphthoqumone aud cobalt acetate. s |
- #Qbtained in the form of a precipitate after the process of adding ammonia water and cobalt (II) acetate .

| indicated 1. 78 volts. At the last dlscharge test a mini-
- mum dlscharge voltage gave 1.41 volts.

| | EXAMPLE 23
A battery shown in FIG. 1 was manufactured in

‘substantially the same manner as in Example 1, except
‘that 0.01 g of ferric benzoyl acetonate and 0.03 g of
- acetylene black were blended with the same type of

. .electrolyte as. used 1n Example 1 to prowde a cathode -
Imlxture L .

'With the battery thus manufactured constant current

- ' dlscharge was carried out at 1 mA for 5 hours, indicat-
_ing a discharge capacity of 500 Ah/kg. Later, constant
. current charge was carried out at 1 mA for 5 hours,

indicating a charge capacity of 500 Ah/kg. The above-

~ mentioned cycle of dlscharge a:ud charge was repeated
- j98 times. |

‘Since the dtscharge capac1ty of a cathode-act:we ma-

. ' terlal indicated until the battery voltage dropped to 1
in Table 5 above represent values indicated until the 40

volt was 910 Ah/kg, the above-mentioned cycle of -

N charge and discharge correspond to.a 35% capacity. At
“the first dtscharge test, a-minimum discharge voltage
was 1.31 volts. At the fortieth discharge test, a mini-
.mum discharge voltage was 1.09 volts. At the eightieth

dlscharge test, a minimum dlscharge voltage was 1.08

. volts. At the last dlscharge test, a muumum discharge
o voltage was 1. 20 volts

| EXAMPLE 24 | |
A battery shown in FIG. 1 was manufactured in

' '_substantlally the same manner as in Example 1, except =

- that 0.03 g of tris(2-oxy-1,4-naphthoquinone) cobalt
"(II1) and 0.03 g of acetylene black were mixed with the

-same type of electrolyte as used in Example 1to prowde |

a cathode mixture.
With the battery thus manufactured constant current

' dlscharge was carried out at 1 mA for 6 hours, indicat-

ing a discharge capacity of 200 Ah/kg. After a pause of
1 hour, constant current charge was carried out at 1 mA
for 6 hours, indicating a charge capacity of 200 Ah/kg.
The charge was stopped for 1 hour. This cycle of dis-
charge and charge was repeated. After the first 6-hour

~discharge test, the battery voltage stood at 0.80 volt.

After the third 6-hour discharge test, the battery volt-
age indicated 1.10 volts. After the fourth 6-hour dis-
‘charge test, the battery voltage showed 1.20 volts. After

the sixth 6-hour dlscharge test, the battery voltage gave
- 0.95 volts
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EXAMPLES 25 AND 26

A battery shown in FIG. 1 was manufactured in
substantially the same manner as in Example 1, except
that cathode-active materials having kinds and amounts
shown in Table 6 below and acetylene black having
amounts indicated therein were blended with the same
type of electrolyte as used in Example 1 to provide a
cathode mixture. Table 6 below also shows the open
circuit voltage of the battery thus manufactured.

With said battery, constant current discharge was
~ carried out at 1 mA, until the battery voltage fell to 1

volt. The discharge capacity and energy density indi-

- cated until the battery voltage was reduced to 1 volt are

12
discharge test indicated 175 Ah/kg. The discharge ca-
pacity until 2-volts at the fourth discharge test was 133
Ah/kg. The discharge capacity until 2 volts at the fifth
discharge test was 125 Ah/kg.

~_ EXAMPLE 29
" A battery shown in FIG. 1 was manufactured in

‘substantially the same manner as in Example 1, except

that 0.03 g of 2-hydroxy-1,4-naphthoquinone and 0.03 g
of acetylene black were blended with the same type of
electrolyte as used in Example 1 to prcwde a cathode
mixture. - -

- With the battery thus manufactured, constant current

'dlscharge was carried out at 1 mA for 6 hours, indicat-

~ set forth in Table 6 below | o 15 ing a dlscharge capac1ty of 200 Ah/kg After a pause of
'  TABLE 6 ,. - -
Cathode-active material Acetylene Discharge @~ Energy
Exam- Amount Black  OCV#*. capacity density .
ple Compound 2 Amount (g (V) (Ah/kg) (Whs/kg)
25 9,10-phenanthrene 0.03 0.1 2.82 520 1,130
quinone o o | o
26 - 2-hydroxy- 0.05 005 - 290 - 410 801
1,4-naphthoquinone - | B |
*Open circuit voltage. -
o } 1 hour, constant current charge was carried out at 1 mA
EXAMPLE 27 ’ 8

A cathode mixture was prepared by mixing the same
type of. electrolyte as used in Example 1 with 9,10-
- phenanthrene qulnone powder and acetylene black

blended together in the proportions given in Table 7
below in order to manufacture a battery shown in FIG.

1.

density of the 9,10-phenanthrene quinone indicated
until the battery voltage decreased to 1 volt. The 9,10-
phenanthrene quinone given in Table 7 denotes a cath-

Table 7 sets forth the discharg-e.'c'apacity and energy N

for 6 hours, indicating a charge capacity of 200 Ah/kg.

- The charge was stopped for 1 hour. This cycle of dis-
. charge and charge was repeated. After the 6-hour dis-

30

35 .
- 0. 68 vclt

- ode-active material. As determined from the energy

density per unit weight of the cathode mixture (9,10-

phenanthrene quinone and acetylene black), it is pre-

ferred that more than 0.1 g of said 9,10-phenanthrene

“quinone be mixed with 0.1 g of acetylene black, namely,
~ less than 200% by weight of acetylene black be added to
‘the 9,10-phenanthrene qumcne - .

TABLE 7 |

charge of the first test cycle, the battery voltage stood

at 2.20 volts. After the 6-hour discharge of the fourth

test cycle, the battery voltage indicated 1.68 volts. After

- the 6-hour discharge of the eighth test cycle, the battery
‘voltage showed 1.10 volts. After the 6-hour discharge
of the twenty-first test cycle, the battery voltage was

EXAMPLE 30

A battery shown in FIG. 1 was manufactured in
substantlally ‘the same manner as in Example 1, except
that 0.1 g of each of the cathode-active materials listed

~ in Table 8 below and 0.1 g of acetylene black were
 blended with the same type of electrolyte as used in
- Example 1 to provide a cathode mixture.

Discharge capacity @ Energy density Energy density
of the cathode- ~  of the cathode- = of the cathode
- active material - active material mixture indicated
y - -indicated until = . . indicated until ~until the battery
9,10-phenanthrene  Acetylene  the battery voltage - the battery voltage . voltage was
quinone black dropped to 1 volt fell to 1 volt reduced to 1 volt
() (8) - (Ah/kg) - - (Wh/kg) (Wh/kg)
0.1 - 01 320 . 710 | 35§ .
003 0.06 - 350 - 713 257
0.03 0l 519 1,130 . 261
EXAMPLE 28

A battery shown in FIG. 1 was manufactured in

substantially the same manner as in Example 1, except

 With. the batterles thus manufactured, constant cur- '_

- rent discharge was carried out at 1 mA, until the battery

‘that 0.04 g of 9,10-phenanthrene quinone and 0.10 g of 60

acetylene black were blended with the same type of
electrolyte as used in Example 1 to provide a cathode
mixture. With the battery thus manufactured, constant

current discharge was carried out at 1 mA for 7 hours. .

Later, constant current charge was carried out at 1 mA 65

for 7 hours, indicating a charge discharge capacity of
233 Ah/kg. This cycle of discharge and charge was

voltage dropped to 1 volt. The tested batteries indicated
the open circuit vcltage, the dlscharge capacity, energy

| densny and average voltage listed in Table 8 below

| TABLE 8
I Discharge Energy  Average
Cathode-active - OCV* - capacity  density .= voltage
- material | V) - (Ah/kg) (Wh/kg) - (V)
-~ Bis(2-oxy-1,4- 3.25 130 - 244 . 1.88
naphthoquinone) | - | |

repeated. The discharge capaclty until 2 volts at the first
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TABLE B8-continued

Discharge Energy  Average
Cathode-active OCV*  capacity  density voltage
material (V) (Ah/kg) (Wh/kg) (V)
copper (1I) -
Bis(2-oxy-1,4- 2.35 280 484 1.79
naphthoquinone)
iron (II) -
Tris (salicyl 340 455 665 1.46
aldiminate)
iron (II) R
Copper (II) complex 3.03 310 441 1.42
of cupferron |
Beryllium acetyl 3.15 130 153 1.18
acetonate ) | -
Iron (III) acetyl - 2.68 235 - 353 1.50
acetonate -
Cobalt (II1) acetyl 3.25 315 - 495 1.57
acetonate . -
Cobalt (II) acetyl - 2.90 . 430 648 1.51
acetonate . |
a-naphthoquinoline 3.10 112 155 1.38
B- naphthoqumolme - 240 130 187 1.44
Cupferron - 2.95 420 585 1.39
1,10-phenanthroline ™ 2.90. 450 640 143
Fluorenone 295 165 267 162
*(Open circuit voltege. |

What we claim is:

1. A light weight battery which comprises:

an anode containing one metal seleoted from the
- Group Ia metals;

~ a cathode containing one compound selected from

the group consisting of organic compounds having
a mw-electron conjugated system; and |

an electrolyte which does not chemically react with
the anode and cathode materials, and permits the
migration of the ions of the anode material to the

~ cathode for electrochemical reactlon with the cath-
ode-active material.

2. The battery according to claim 1, wherein the
cathode contains one compound selected from the
group consisting of organic compounds having at least
one —NQO; group and a 7-electron conjugated system.
. 3. The battery according to claim 2, wherein the

 cathode contains one compound selected from the

-~ group consisting of 2,4,7-trinitro-9fluorenone; 2,4,5,7-
tetranitro-9-fluorenone; N-methyl-N,2,4,6-tetranitroani-
line; o-nitrobenzonitrile; m-nitrobenzonitrile;  p-
 mitrobenzonitrile; p-nitrobenzophenone; nitrobenzo-

-iriazole; p-nitrobenzoyl chloride; m-nitrobenzoyl chlo-

- ride; and y-(p-nitrobenzyl) pyridine.
4. The battery according to claim 2, wherein the

cathode contains a mixture of 2,4,7-trinitro-9-fluore-
~ none and 200% by weight or less of a powder of acety-
. lene black based on said 2,4,7-trinitro-9-fluorenone; the

10
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bonate or a mixture of propylene carbonate and 1,2-
dimethoxy ethane.

6. The battery according to claim 2, wherein the
cathode contains a mixture of N-methyl-N,2,4,6-tetrani-
troaniline and 200% by weight or less of a powder of
acetylene black based on said N-methyl-N,2,4,6-tetrani-
troantline; the anode contains lithium metal; and the
electrolyte is prepared by dissolving LiClO4 in propy-
lene carbonate or a mixture of propylene carbonate and
1,2-dimethoxy ethane.

- 7. The battery according to claim 2, wherein the
cathode contains a mixture of p-nitrobenzoyl chloride
and 200% by weight or less of a powder of acetylene
black based on said p-nitrobenzoyl chloride; the anode
contains lithium metal; and the electrolyte is prepared
by dissolving LiClO4 in propylene carbonate or a mix-
ture of propylene carbonate and 1,2-dimethoxy ethane.

8. The battery according to claim 1, wherein the
cathode contains one compound selected from the
group consisting of organic metal complex compounds
having a m-electron conjugated system.

9. The battery according to claim 8, wherein the
cathode contains one compound selected from the
group consisting of ferric benzoyl acetonate; bis(8-
oxyquinoline) copper (II); tris(2-oxy-1,4-naphthoqui-
none) cobalt (III); bis(2-oxy-1,4-naphthoquinone) cobalt
(II); bis(2-oxy-1,4-naphthoquinone) iron (II); bis(salicyl

aldiminate) copper (II); tris (salicyl aldiminate) iron

(IIT); copper (II) complex of cupferron; beryllium ace-
tyl acetonate; iron (III) acetyl acetonate; cobalt (III)
acetyl acetonate; cobalt (IT) acetyl acetonate; and iron
(IT) naphthoquinate. |

10. The battery according to claim 8, wherein the

~ cathode contains a mixture of ferric benzoyl acetonate

35

43
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- anode contains lithium metal; and the electrolyte is

prepared by dissolving Li1ClO4 in propylene carbonate
or a mixture of propylene carbonate and 1,2-dimethoxy
‘ethane. |

5. The battery according to claim 2, wherein the
‘cathode contains a mixture of 2,4,5,7-tetranitro-9-
fluorenone and 2009% by weight or less of a powder of
acetylene black based on said 2,4,5,7-tetranitro-9-fluore-
none; the anode contains lithium metal; and the electro-
lyte is prepared by dissolving LiClOg4 in propylene car-

93
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phenanthroline; fluorenone;

and 200% by weight or less of a powder of acetylene
black based on said ferric benzoyl acetonate; the anode
contains lithium metal; and the electrolyte is prepared
by dissolving LiClO4 in propylene carbonate or a mix-
ture of propylene carbonate and 1,2-dimethoxy ethane.

11. The battery according to claim 1, wherein the
cathode contains one compound selected from the
group consisting of 9,10-phenanthrene quinone; 1,10-
a-naphthoquinoline; 8-
naphthoquinoline; 2-hydroxy-1,4-naphthoquinone; and
cupferron.

12. The battery according to any one of claims 1, 2, 8,
3, 9 or 11, wherein the anode contains lithium.

13. The battery according to claim 12, wherein the
electrolyte is a solution prepared by dissolving LiClOg4
in propylene carbonate.

14. The battery according to claim 1, wherein the
electrolyte is a solution prepared by dissolving LiClO4
in propylene carbonate.

“15. The battery according to claim 1, wherein the
cathode contains a mixture of 9,10-phenanthrene qui-
none and 200% by weight or less of a powder of acety-
lene black based on said 9,10-phenanthrene quinone; the
anode contains lithium metal; and the electrolyte is

prepared by dissolving L.1ClO4 in propylene carbonate

or a mixture of propylene carbonate and 1 2—d1methoxy

ethane.
X - * * %
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